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DEPARTMENT  OF  THE  ARMY 
Fort  Derrick 
Frederick,  Maryland 


Bolietfcino  dell  Istituto  Sieroterapiao  Milanas©,  Vol,  XXXII,  1953 
ACTION  OF  LISOZYUE  ON  B.  ANTHRAOIS,  by  L,  Bergamini 

Tba  action  of  Lisozyno  on  B.  anthraois  is  not  well  known:  according  to 
Fleming  atxi  VTolff  B,  anthracis  is  affected,  be  it  only  in  a  light  way,  by 
lisozyme  while  Rlndello  states  that  this  is  beyond  the  activity  of  such  an 
enzyme.  -  Because  of  the  lack  of  a  systematic  study,  a  series  of  tests  wore 
conducted  to  clarify  this  problem,  by  contemporaneously  studying  the  spon¬ 
taneous  germ  lists  in  simple  physiological  solution;  during  the  development 
of  B.  anthraois  in  lisozyme  solution  in  broth  plus  llcozyme  end  in  a  filtrato 
of  bacterial  suspension  affected  by  the  lisozyme,  was  studied  during  a  second 
period. 

UATERIAL  AND  TECHNIQUE 

The  tests  were  conducted  on  7  strains  of  B,  anthraois  5  of  which  had  boon 
kept  in  a  laboratory  for  some  time  while  one  had  recently  been  isolated.  The 
germ  suspensions  had  been  made  by  diluting  an  agar  culture  of  24  hour  incuba¬ 
tion  in  5cc  of  physiological  solution;  5cc  of  this  suspension  were  mixed  with 
an  equal  quantity  of  lisozyme  ( )  solution  (Armour)  in  physiological  solution 
and  for  control  5cc  of  the  same  suspension  were  mixed  with  an  equal  quantity 
of  physiological  suspension.  Both  suspensions  were  kept  at  37°  and  at  varying 
intervals:  30  minutes,  1  h,  2  h,  3  h,  j  h,  8  h,  18  h,  they  w<--re  checked  for 
clarity  and  at  the  same  time  slides  were  orepared  which  were  colored  by  the 
gram  as  the  Fraenkel  methods  to  demonstrate  germ  contents;  3cc  of  each  of  the 
suspensions  were  poured  Ostwald  viscosimeters  which  were  maintained  at  31°  in 


•  constant  temperature  both  during  the  entire  experiment;  the  viscosity  readings 
were  taken:  2  minutes,  10  minutes,  30  minutes,  after  the  beginning  of  tho 
esqwiment,  and  after  this  every  30  minutes  until  the  tenth  hour:  a  last  reading 
was  taken  after  the  24th  hour, 

k  Letts  photometer  was  used  to  determine  the  turbidity  of  tho  microbial 
suspensions}  the  turbidity  calculation  was  made  by  using  the  initial  reading 
as  ICO  and  applying  the  following  proportion: 

Example:  original  transmission:  100  s  transmission  after  30  minutes: 
xj  x  -  100  represents  the  peroentual  quantity  of  transmission  after  30  minutes 
and  hence  the  corresponding  diminishing  of  suspension  turbidity. 

The  B,  anthraois  suspension  was  rapidly  centrifuged  to  determine  tho 
ribonuoleinio  sold  and  the  germs  were  again  suspended  in  physiological  solution, 
therefore  to  eliminate  the  traces  of  agar  passed  into  the  solution  lec  of  & 
lisozyme  solution  in  physiological  solution  was  added  to  5co  of  bacterial 
suspension  while  another  5oo  of  the  same  suspension  were  kept  for  control; 
the  two  suspensions  were  maintained  at  37°  for  various  lengths  of  time: 

1  hour,  2  hours,  5  hours  and  later  were  centrifuged,  lcc  of  lisozyme  solution 
was  then  also  added  to  the  control  liquid  and  the  ribonuclelnic  acid  contents 
was  then  determined  with  a  Beckman  spectrophotometer. 

The  media  for  B.  anthracis  culture  were  prepared  by  mixing  lisozyme  with 
sterile  broth  or  with  physiological  solution  in  various  proportions  as  will 
be  shown  in  the  individual  experiments  and  sterilizing  the  medium  by  means  of 


s  Seitz  filter 


LISIS  ACTION  OF  LXdQZm  ON  B.  ANTKitACIS 

By  studying  the  preparatea  colored  by  the  gram  method,  it  has  been  possible 
to  establish  th;,t  while  in  the  control  normal  gram-positive  gems  only  in 
slightly  shortened  rows  with  a  few  rare  elements  of  gram-ne.-ative  could  bo 
found  after  3  hours  of  experiment,  the  suspension  containing  the  lisozyme 
showed  nuaoroua  iaolated  germs  after  1  hour  of'  experiment,  with  rows  of  4-5 
eleasnts,  some  of  which  were  grara-negativa  or  gran-positive  with  two  polar 
granules.  Lengthening  the  experiment  to  5-S  hours  ahowod  numerous  gran-negative 
aoae  nearly  discolored  geras  in  the  control,  while  a  strong  drop  in  visible 
germs  was  noted  in  the  lisozyme  suspension,  3one  having  changed  to  mere 
shadows,  however  always  conserving  a  very  scant  gram-positive  and  normal 
element.  After  18  hours  one  could  note  that  the  lisis  proceeded  In  the 
control,  even  though  slowly,  while  the  lisozyme  suspension  showed  reappearance 
of  normal,  gram-positive  germs,  in  rows  of  4-5  elements.  In  follov/ing  exper¬ 
iments,  one  observed  that  by  using  larger  lisozyme  dilutions  (1:5000  -  1:10000) 
the  lisis  aavanced  more  slowly,  but  was  always  clear  and  precise.  During  the 
germ  llsio  the  spores  remained  intact  both  in  numbers  and  color;  once  the  germ 
lisis  completed  they  could  be  seen  free  in  the  surrounding  medium. 

The  study  of  the  behavior  of  turbidity  of  3.  anthracis  suspension  has 
demonstrated  that  while  the  turbidity  of  the  control  diminished  slowly  after 
the  third  hour  ( 3 %  after  3  hours;  5a  after  5  hours;  15%  after  8  hours;  28% 
after  18  hours)  the  turbidity  of  the  lisozyme  containing  suspension  already 
diminished  after  the  first  hours  (3%  after  the  first  hour;  17%  after  3  hours; 

23%  after  5  hours,  after  this  remaining  stable  until  the  18th  hour  of  the 
experiment) . 

The  result  of  the  study  of  viscosity  of  the  B.  anthracis  suspension 
showed  that  even  when  mixed  with  lisozyme  it  showed  the  same  viscosity  as 
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the  original  physiological  solution,  and  tbi9  viscosity  showod  no  modification 
during  the  eourcs  of  the  experiment. 

Froa  the  study  of  ribonuclainio  acid  production  it  was  established  that 
while  there  was  no. formation  of  such  an  acid  in  the  medium  after  ono  hour  of 
contact  of  the  germs  with  the  lisosyrae,  a  limited  quantity  v/as  produced  after 
3  hour*  which  increased  after  5  hours,  while  oven  traces  could  not  be  found  in 
the  control  after  5  hours  (See  Fig.  1). 
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Experiments  conducted  along  the  same  technique,  but  repeatedly  Hashing  the 
germs  in  physiological  solution,  ropoatcdly  centrifuging  and  dissolving  the 
residue  by  moans  of  the  rauchanical  action  of  a  pipotte,  htvo  shown  that 
B.  unthracis  treated  in  this  manner,  even  when  suspended  in  simple  physio¬ 
logical  solution,  was  subjected  to  lisis  as  rapidly  ns  if  it  had  been  in  con¬ 
tact  with  liuozyme;  the  quantity  of  ribonucleinic  acid  v-hich  was  freed  in  this 
manner  wa3  in  fact  equal  in  both  susponsi qua. 

B.  anthracis  culture  in  broth  and  lisozym©  and  in  physiological  solution 
plus  lisozyma.  Cultivating  B.  anthracis  in  broth  plus  lisozyma  (lisozyme 
loe^ouu,  or  ouuh  u  dilution  a°  to  only  cause  a  very  slow  germ  liais),  even 
after  7-8  transplantings,  did  neither  affect  the  gorn  coloring  nor  it3  capacity 
for  spore  formation;  it  was  only  noted  that  it  developed  without  forming  a 
film  on  the  surface  or  filaments  and  fla.ies  in  the  suspension,  but  causing  a 
qua3i  uniform  turbidity  in  the  surrounding  liquid;  as  a  matter  of  fact  the 
disappearance  of  long  rows  and  the  presence  of  numerous  isolated  elements  could 
be  seen  with  a  microscope,  by  Keeping  these  ..allures  at  room  temperature  for 
a  long  time  1,20-30-40  days)  the  germs  kept  their  shape  and  color  much  lon;er 
than  in  the  control  cultures,  made  in  simple  broth  where  the  germs  spontan¬ 
eously  went  against  the  phenomenons  of  involution.  The  broth  plus  lisozyma 
conserved  its  litic  capacity  even  after  B.  anthraois  development. 

B.  anttracis  was  later  cultivated  in  a  1:1000  -  .1:2000  -  1:10000  solution 
of  lisozyma  in  physiological  solution;  however  the  germ  developed  normal3.y  in 
long  rows  of  gram-positivo  elements  whether  the  lisozyme  effect  was  inhibited 
by  the  presence  of  "liquoid"  (Roche)  in  suitable  concentration  (herpamini  and 
Ferrari,  2)  or  by  the  heat  (80°  for  1  hour);,  this  was  only  true  for  strong 
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lisosyae  concentrations  (Is  1000  **  1:2000) 5  the  1 1 10000  lisrnyme  dilution 
proved  too  sank  for  the  germ  development , 

B.  ANTHRAOIS  LISIS  CULTURE 

A  B.  anthraois  suspension  was  rapidly  centrifuged  and  again  suspended 
la  physiological  solution  to  eliminate  the  traces  of  agar  which  could  have 
beea  sufficient  for  the  germ  development  (as  a  matter  of  fact  it  had  been 
noted  thai,  B.  anthraois  also  developed  in  physiological  solution  whioh  only 
contained  traces  of  agar);  lisozyme  in  a  porportion  of  IjIOOuO  was  added  to 
one  section  of  this  solution  while  the  remaining  suspension  wes  kept  for 
control.  Both  suspensions  were  placed  at  37°  for  4-3  hours  after  which 
lisozyme  iH  &  of  1:10000  rn  also  »d<3«d  to  the  control  snlnt:''-. 

and  "liquoid"  in  doses  large  enough  to  deactivate  the  present  lisozyme  was 
added  to  both  solutions  (lmg  of  "liquoid"  deactivate  0 .25 mg  of  lisozyme). 

Both  suspensions  were  filtered  with  a  Chamberland  candle  and  the  obtained 
liquids  were  sterily  distributed  in  sterile  test  tubes.  Thereafter,  one 
proceeded  with  the  B.  anthraois  seed  found  in  these  (both  the  strain  used 
for  lisis  and  different  strains),  St.  aureus,  B.  prodigiosum,  B.  typhi, 
vibrio  cholerij  every  strain  was  simultaneously  placed  in  a  tube  containing 
a  filtrate  of  the  control  suspension. 

Such  test  showed  that  germs  only  developed  in  lisate  (lisozyme  lisis) 
from  B.  anthracis;  however  later  tests  showed  that,  if  the  lisis  period  was 
prolonged  (24  hours),  or,  if  the  germs  were  lengthily  washed  and  centrifuged 
before  the  lisis,  germ  development  was  also  obtained  in  the  filtrate  of  the 
control  suspension  (lisis  in  simple  physiological  solution),  however  this  was 
always  inferior  to  that  obtained  in  the  lisozyme  lisate  simultaneously  executed. 
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Therefore  it  is  demonstrated  that  B.  anthraei3  i3  lisatod  by  lisozyme 
and  the  lists  is  accompanied  by  ribonucleinie  acid  production.  Slomcntc  of 
varying  sensitivity  to  lisozyma  exist  in  ono  and  the  same  culture:  more 
sensitive  elements  which  are  rapidly  liseted,  it  is  nartly  because  of  their 
disappearance  that  the  long  rows  typical  of  tr.o  germ  are  fragmented,  and 
particularly  resistant  elements  to  which  the  successive  ger m  multiplication 
is  probably  due.  B.  anthracis,  however,  is  not  a  very  sensitive  germ  to 
lisozyme;  a  practically  total  lisis  was  obtained  during  our  experiments  in 
5-8  hours  with  a  lisozyme  concent. ’ation  which  causes  a  completo  clearing  up 
of  a  a.  lysodeikticua  suspension  in  only  30  nirutes. 

In  the  light  of  modern  theories  on  stratification  of  the  various  con¬ 
stituents  on  the  surface  of  tho  bacterial  cell,  one  may  assume  that  the 
exterior  strata  of  mucopolysaccaride  is  extremely  scant  in  £.  anthrncis,  as 
in  all  germs  slightly  sensitive  to  lisozyme,  which  could  also  explain  the 
easy  lisis  of  the  germ  in  simple  physiological  solution;  hence  for  enzyme 
action,  only  very  small  quantities  should  be  passed  into  solution,  because  of 
a  simultaneously  intervening  phenomenon  of  iriontical  polysuccarid©  depolymer¬ 
ization,  medium  viscosity  modification  can  not  be  brought  into  evidence,  as 
shown  by  the  experiments. 

Resulting  from  the  study  of  B,  anthracis  development,  wo  ’/-now  that  the 
germ  develops  in  broth  containing  small  lisozyme  quantities  (1:50000)  by  causing 
a  quasi  uniform  medium  turbidity;  the  lisozyme,  in  such  snail  quantities, 
evidently  causes  lisis  of  the  elements  most  sensitive  t«  the  enzyme  and  con¬ 
sequently  the  fragmentation  of  germ  filaments  and  flakes,  while  the  more 
resistant  elements  multiply  normally. 
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The  fact  that  B,  anthraoia  moves  more  slowly  against  the  phenomena  or 
involution  than  when  it  is  not  in  simple  broth  is  worthy  of  note;  this  fact 
Bay  easily  ba  explained  if  one  considers  the  results  of  experiments  which 
have  demonstrated  that  B.  anthracis  (and  other  rerm3:  St.  nurou3,  B.  orc-- 
igoeua,  B,  typhi,  Vitro  cholera)  finds  sufficient  elements  for  development 
in  almpla  physiological  solution  ©ontaining  the  lisis  products  of  tho  very 
B,  anthracis.  Whence  should  be  remembered  that  in  broth  containing  email 
liaosyse  quantities  even  elements  which  are  slightly  resistant  to  tho  enzyme 
with  tine,  oppose  the  litic  phenomenon  which  continually  causas  new  lisis 
products  to  enter  the  medium,  useful  to  the  metabolism  of  the  non-lisated 
elements,  and  consequently  slowing  the  processes  of  culture  involution. 

Furthermore  it  hns  been  demonstrated  that  lisozyme  alone,  in  the  presence 
of  pure  NaCl,  may  be  a  sufficient  substratum  for  B.  anthracia  development; 
however  it  is  necessary  that  the  lisozyme,  only  component  of  the  base,  be  a 
sufficient  concentration  (1:1000  -  1:2000)  and  that  its  litic  activity  be 
inhibited;  in  fact,  an  integration  of  such  high  concentration,  would  cause 
lisis  of  the  germs  placed  in  it:  a  more  diluted  form  is  insufficient  for  the 
metaboliom  of  the  same  germs. 

This  observation  and  in  a  particular  way  the  established  fact  that  the 
products  of  germ  lisis  (in  this  case  B.  anthracis)  may  be  eliminated  suf¬ 
ficiently  for  development  not  only  of  the  same  germ  but  also  of  various  germs 
suggests  certain  considerations  on  the  complexity  of  the  concept  of  disease 
"receptivity”  and  of  germ  "tropism"  and  its  various  effects  among  the  various 
infections  and  perhaps  even  on  one  particular  infection  end  the  pathogenic 
flora  habitual  host  of  a  subject.  V?e  have  already  had  occasion  to  refer  to 
this  last  fact  in  connection  with  tha  hyaluronidasic  activity  found  in  a  non- 
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pathogenic  microorganism  (Bergaminl,  1951). 

SUm  A. -2 

B,  anthraois  shows  a  sensibility  to  the  lytic  action  of  lycozy  .0:  «.io  lyois 
is  associated  to  a  docreaso  of  turbidity  in  the  bacterial  „u.jo«nsion  '.nu  to  a 
liberation  of  ribonucleic  acid  in  the  medium. 

B.  anthracia  grows  in  broth  containing  small  amounts  of  lysozyme  (l:50sG0), 
in  saline  containing  great  amounts  of  inactivated  lysozyr.o  (IjIGCO  -  1:2CC0) 
and  in  saline  Containing' the  split  products  of  B.  arithracis  treated  with 
lysozyme. 
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